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@ Ink jet print head. 



® An ink jet print head (1) in which a portion along which both piezoelectric conversion elements (15) and a 
nozzle forming member (17) are fixed by means of an adhesive (16) is positioned at least a distance (d) 
exceeding that of a stress concentration region toward a base portion of the piezoelectric conversion elements 
(15) from a vibrating fulcmm of the piezoelectric conversion elements (15). As a result, any thermally Induced 
stress concentration In the piezoelectric conversion elements (15) is diffused over the adhesively fixed stress 
that acts backward of such stress concentration region. This prevents each piezoelectric conversion element (15) 
from being deformed, thereby contributing to eliminating variations in the nozzle gap (5). 
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The oresent invention relates to an ink Jet print head of a type In which piezoelectric conversion 
eleJSsTselSi; driven thereby to eiect ink interposed b^^^^een the piezoetec*.c c^^^^^^ 
eleZS Z a nozzle plate onto a recording medium from nozzles prov,ded m correspondence to the 

■^■'"ra^LISS^^^^ rSiS discloses ink iet printers of a typo in which a 

pJirof p^^^?^-n"-on '-•"^-'^ ^" '""^ "''t^re^^^i'Tno'zi: 

and eSct the ink droplet present in a nozzle gap fomied between the conversion ^"^^ers ^nd J 
plate to record an image on a recording medium. This type <^ .P^'^^'-'f^t,'^'^ i^^l^^^i 
S Ssurizing chamber nor an ink flow path, not only allows the pnnt head to be ^^^^^^"^"T 
S^re but also contributes to greatly reducing power consumption for printing by rts efBc ent 0^^°" °f 
Sg the InUn the fom, of droplets, which is achieved by making the nozzle gap as smal as Po^abte- In 
adS 4 use S a hot melt ink which can be converted into a liquid phase when heated pem,.ts the 

'''^ZV:;"'^e%i°^^'^^in this type of printer uses piezoelectric conversion elements, each 
compo^r^f laSatn of a piezoelectn' plate and a '^^tal plate. These ^ezoe^^«)n^^^ 
elements are susceptible to temperature-dependent, bimetal-like deformation due to a^d<iferen« Je^n 
STiZ^ston coefficients of their materials. For this reason, when the base ^^^^^^^^^^l 
l^n^on element is fixed on the nozzle plate by an adhesive that has ''^een ren^^^^^^^^ J^^^^f 
durina the assembly process, each piezoelectric conversion element is deformed noticeably due to tne 
aSpZing "e^'ng. causing variLns in nozzle gap between the PSLT^e inreTeS ng 

member even after cooling to ambient temperature. Since this nozzle gap ^^cte the ei^c^^S 
cha^SS. *e assembl? process thus causes variations In noz^e gap "^'^"J^^^^^ 

SL-^r-^ireier^ 

"^""^STntor. has been made in view of the above problems, and has as an object P^^f " 
ink iet Drint head capable of recording a satisfactory image by maintaining a constant nozzle^P between 
30 ^ Xi^^Sl^S^!^rlon element and the nozzle terming member independen«y oi^J^^ 
vSfirnt^s object is solved by the ink jet printing head of independent claim 1. ^^f ^"^f"^ 
feTr^J of tt^is ^Sng head are ^Identfrom the dependent claims, the description and *e drawings. The 
dSiT a^ InSnd^to be unde^tood as a first non-limiting approach of defining the inventon .n general 

3» *^""-S,e invention provides an ink jet print head in which a portion along which both piezoelectric conv^^ion 
elerr^t^^ a noL'e-forming member are adhesively fixed is posrtioned at least a <''^^^!^^'^^^^ 
iTJSTo^centration region toward a base portion of the piezoelectric conversion fr*'" ^ 

JbX^l^m Of the pieLlectric conversion elements, The stress concentration is caused when the 
n'iA7nAiActric conversion elements subjected to thenmal stress. 

'^ ^^esr^T^fs constmction, even if a stress concentration arises in the piezoelectnc conver^ on 
elements due o Llal stress acting thereupon at the time the piezoelectric conversation ^^^'^^^^^^^ 
SzTpl^e are assembled, such a stress concentration can be dispersed J" 
Sna in^positlon thereto, thus suppressing the deformation of the piezoelectnc corwe sion elemante. 
?S^i.^^prsible not only to Jiminate variations in nozzle gap that influence ink if ;^«;»««^";- 
S^^so to maintain stable printing quality due to the suppression within the smalies possible amount 
of the deflection of the piezoelectric conversion elements caused by te^^peratore variafions 
Rg 1 Is a diagram showing the constmction of a basic ink jet print head of the inventon 
Fm 2 is a diagram showing an exemplary Ink Jet printer having employing the ink ,et pr mt head of Rg^ 1 . 
Rfls 3(a) and 3^) are dfagrams for explaining the loads on the P'«-°t'"°.';''r"^'^Tcf *e 
SSmenW L deflections iting thereupon, tor a comparison between the ink Jet print head of the 

invention and a conventional Ink ] t print head; . , , «j u.^ «.rih^ciwau# 

SHis a diagram showing the relationship between the distance from the fulcrum and the adhesively 
Sd poirt an?the gap formed b tween th piezoelectric vibrating elem nt and the "oz-te plate. 
rTs is a diaqram showing the internal stress caused In the piezoelectric vibrating el ment 
R?s eir^d'eS ?e a top view and a side vl w of an ink jet print head constructed .n accordance wrth 
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a preferred embodiment of the Invention; and 

Rg. 7 is a side view showing another embodiment of the invention. 

There are now follows a description of prefen^ed embodiments of the Invention shown in the accom- 
panying drawings. 

5 Fig. 1 shows a basic ink jet print head of the invention, and Fig. 2. an exemplary printer in which the 
print head of Rg. 1 is employed. 

!n these figures, an ink jet print head 1 , which is a feature of the Invention, is carried on a carriage 2 
that axially shuttles along the circumferential surface of a platen 3 so that an image to be recorded is 
printed on a recording mediums in accordance with recorded data. 

70 This ink jet print head 1 includes a casing 11 containing Ink therein, a base plate 12 fixed on an inner 
surface of the casing 11. a supporting body 13 serving both as an electric connection with a piezoelectric 
vibrating element 15 and as a fulcrum of tine piezoelectric vibrating element 15, a plurality of piezoelectric 
vibrating elements 15 whose base portions are fixed on the supporting body 13 through an adhesive 14, 
and a nozzle plate 17 which fixes tiie base portion of the piezoelectric vibrating elements 15 by clamping 

75 between the supporting body 13 and itself. The nozzle plate 17. in. particular, supports each piezoelectric 
vibrating element 15 by canrying part of its base portion which is positioned a distance d backward of the 
front and edge 13a of the supporting body 13 with an adhesive 16 sen/ing to provide a nozzle gap 5, as will 
be described later. 

Reference numeral 17a designates a nozzle on the nozzle plate 17 disposed so as to confront the free 
20 end of each piezoelectric vibrating element 15, and reference numeral 19 indicates a lead. 

Each piezoelectric vibrating element 15 is cantilevered in that Its base portion is supported by the front 
end edge 13a of the supporting body 13. Also, each piezoelectric vibrating element 15 has a laminated 
structure of a metal tiiin plate 15a and a piezoelectric ceramic member 15b. each having a different linear 
expansion coefficient. Thus, each piezoelectric vibrating element 15 is deformed in the manner of a 
25 cantilevered bimetal strip as its temperature varies. 

Such deformation can be assumed to be that of a cantilever In which a uniform stress a, i.e., a uniform 
bending moment M, acts upon a portion between tiie fulcrum and the free end of the piezoelectric vibrating 
element 15. Therefore, for a simple cantilever having its base end supported as shown in Rg. 3(b). the 
maximum moment M'max and maximum deflection between the base end portion of tiie piezoelectric 
30 vibrating element and the vicinity thereof confronting the nozzle, i.e., the free end portion of the cantilever, 
are as follows: 

Jtf',«c»W ..-(I) 

35 

y»x-^ •••(2) 



wherein E represents an elastic modulus of the cantilever, and I represents a geometrical moment of inertia 
^ of the cantilever. 

However, as described previously, the piezoelectric element 15 is fixed by clamping by the nozzle plate 
17 at a point the distance d backward of its fulcrum, so tiiat an initial counterweight W acts tiiereupon. 
Thus, as shown in Rg. 3(a), a maximum moment Mmac which acts upon the fulcrum receiving the 
counterweight W is calculated as follows: 
^ Wmax = W+ Wd (3) 

The second differential of the deflection curve of the cantilever by W is proportional to the bendrng 
moment. The inclination of the fulcnjm, being proportional to the first integral of the bending moment, is 
expressed, using a coefficient K, as follows: 

50 

KWd^ 

65 Hence, the maximum deflection at Its free end is obtained as follows: 
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acting thereon. This is because the model tes been presented ^^^^ ^ ^^g, has been 

counterweight W is dependent on *^,f^\^"J„*^^ S the cSlever which is further baclc of the 
presented, it should be noted that, .n actual ^^^.n^SSndert rLction force and a restrictive force 
Lcrum is subjected to forces such ^ « '^J^^^J^'^f^^^^^^ m the above description. 

SSr;? if futr rdire^n^ SrnT^^^^ .eir .ee ends v.en are su.eoted to 
I thermal distortion is calculated as follows. 



. , 1 KSrdH\ 



25 



30 



35 



^us. apart from the rigid-ny inherent in the materia. ^^^^^^^^ 

of the fr^^nd of the piezoeiectric vibrating eienr^^^^^ rc„t end edgf 13a of L supporting body 1.3. 
with further distancing ite adhesively fixed P°'"* fr^"".*^ .™ % each of the piezoelectric vibrating 
This means that even tt a different thermal fX^^^^^^^ 15 is assembled onto the 

elements 15 at the time the base por«on ^^^^h^X 6 ^^^^^ C. such them^al distortion 

nozzle plate 17 by fixing the J^^^* "^^^S^';^^^ the initial counterweight W. and that a 

can be canceled by a biasing force acting "P°" ^f^J^.^^^ ^Wating element 15 when the assembly 
uniformly distanced gap can thus be formed jL^^^^Jf "^^^JJ^^^^ of the piezoelectric vibrating 

SmriS~r b^ sT^rr= ^^"respect . a varia«on ,n room tempera.re of 

150- C while raising the temperature by 100 The Pi^«*^ ^^^a g_^ ^^^^^^ ^ ^ 

in length composed of Invar having a I near e>^an^on ooeffident 2^D x , > ^ ^ ^^^^^^ 
and a^ezoelectric materia, having ^ 'j^^' .^^^^^^^^^^^ to the noile plate by heating it to 
urn. The base portion of the Pi«^°«f '^.^^^^t.^.^J^^^ d from the front end edge 13a of the 
250' C. As shown in Fig. 4 it was found *at the larger *e disttnce ^^^^ 

suppor^ng body 13 to f ^^^^i^wr^^ dtatTr^S^ce d is 2.5 mm or more, the Influence 
. n?:rc" 'n^-^ element 15 suffers a 

.arge^-rss^^e^^^^^^^^^^^ 

Sporting body 13. However, as is apparent i5 «n be dispersed by shifting 

sucS a stress concentration acting on the P^^'^f'^'^'f^^ stress concentration region, thereby 

4S the adhesively fixed point on the b^P°^°" ^^/T^^enV^^ 

keeping the defom^ation Of the pJezoeIec^v,bra^^^^^^ ,^^3^ ,5 ,s 

Although the above ^escripfton retetes to a ^se m wijc^ ^ ^^^^ be a case, 

defomied due to themial distorfon m ^J^^^j^Pf^lJ^Sn plate 15a and the piezoelectric ceramic 
depending on the linear expansion coefficients a^ *e ^jbrating element 15 is deformed 

can be obtained. «h««/ a soedflc example of the Invention having a construction based 

6S Figs. 6(a) and 6(b), respectively, show a specttic example o 

on the above theory. . ^, , _ .^--i hee an insulatinq layer 22a formed integrally 
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serving both as a conductor for s lectively making connection to each piezoelectric vibrating elennent 25 
and as its fulcrum, is formed as an electroconductive circuit pattern accurately etched by photolithography 
on the insulating layer 22a. Particularly, the supporting body 23 Is accurately constructed so that its front 
end edge 23a can function as a fulcrum of the piezoelectric vibrating element 25. Also, the supporting body 
5 23 is made thick enough to protect the effective length of the piezoelectric vibrating element 25 from any 
run-off of excess adhesive 24. Thus, tiie thickness of the supporting body 23 is determined in consideration 
of the thickness of the adhesive 24 which is to be applied thereon. Thus, thicknesses at least in excess of 
the tiiickness of tiie adhesive 24 are required, as shown in Table 1. 

io Table 1 



IS 



Thickness of 

adhesive 

{urn) 


Thickness of 
supporting body 
(um) 


Stability of 
fixed end 


20 


5 


X 


15 


A 


40 


O 


30 


5 


X 


15 


X 


40 


O 


O - Very Stable 


A - Poor in some cases 


X - Unstable 



The bar-like piezoelectric vibrating element 25. formed in multiplicity and fixed on tiie supporting body 
23 through the adhesive 24 having electroconductive particles 24a mixed therein, is a three-layered 
member composed of a metal thin plate 25a made of an iron-Ni alloy, a piezoelectric member 25b. and a 
thin film 25c made of a metal such as gold, and is electrically connected to the supporting body 23 through 
tine metal thin film 25c and the electroconductive particles 24a, 

A nozzle plate 27, which is disposed on each piezoelectric vibrating element 25 with a predetermined 
nozzle gap 5 provided through an adhesive 26 having gap forming particles 26a therein, has an an^ay of 
nozzles 27a confronting the free ends of respective ones of the piezoelectric vibrating elements 25. On the 
inner surface of the base portion thereof, a single groove 28 is provided extending from a point the distance 
d backward of the front end edge 23a of tiie supporting body 23 parallel witii tiie front end edge 23a. The 
flow of the adhesive 26 supplied from the base portion side of tiie piezoelectric vibrating element 25 is 
restrained by the groove 28 so tiiat a counterweight can be fomrted the base portion of the piezoelectric 
vibrating element 25. thereby to* adhesively fix this base portion on the inner surface of the nozzle plate 27, 

In this embodiment, it is ensured that each piezoelectric vibrating element 25 can vibrate properly with 
the accurately formed front end edge 23a of the supporting body 23 as a fulcrum. The vibrating element 25, 
free from any temperature-dependent influence, can also be fixed correctly on the supporting body 23 the 
distance d backward of the front end edge 23a by tine adhesive 26 that has been positioned at tiie groove 
28 of the nozzle plate 27 fomning a meniscus therein. 

An embodiment shown in Rg. 7 involves anotiier technique for positioning tiie front end edge of an 
adhesive 36 a distance d backward of the front end edge 33a of the supporting body 33, 

That is. in tiie embodiment of Rg. 7 a thin metal plate 35a fonmed at an uppermost position of each 
piezoelectric vibrating element 35 Is chipped from the base portion tiiereof, the chipped portion serving as a 
groove 38 for restraining the flow of the adhesive 36. 

Accordingly, tiie flow of the adhesive 36, which is in a fluid state due to Its being heated. Is checked at 
a point the distance d backward of the front end edge 33a of the supporting body 33, tinereby to correctiy 
adh sively fix the piezo I ctiic vibrating element 35 on a portion defined by such a point below the nozzi 
plate 37. 

As described above, according to tiie inv ntion. the adhesively fixed portion, between each piezoelec- 

5 



BNSDOCIO: <EP_0427aBlA1J_> 



EP 0 427 291 A1 



10 



IS 



ion region «» <^ <^ °' *' Pi.»>"^ SalSd^^ 

printing quaHty to be maintained at ail times. adhesive etther on the inner surface of the 

Furthermore, the provision of the groove for P«^*°" "l™^^^^^^^ confronting the nozzle 

no^le fom^ing member or on *e -^^-^.^^^i^^^;^^^ portion of the piezoelectric 

S?^ng inconsistency in printing characteristics between pnnt heads as well. 



Claims 

20 1 



h^Hw M-^ 23 33W plurality of piezoelectric conversion 
1. An ink jet print head (1) comprising: a supportng ^^^J'^^^^P^^^^ carrtilevered manner such that 
elements (15. 25. 35) fixed to ^^/"PP°^"9 'fj.f fulcrum of said piezoelectric 

an edge (13a. 23a. 33a) of sajd ^^PP^rt-njI bo«Jy ^'^^VS^^ over said piezoelectric conversion 
conversion elements (15. 25. 35). a nozzle plate ^^J-^l'^J^^^^^^ ge. 36) for fixing said nozzle plate 
element (15. 25. 35) whh a gap (S) ^^^^^^ ^^l 25 35) i said base ends of said piezoelectric 
5 (17. 27. 37) to said piezoeletric convers.on ^^^^^^^^^ ^^^a gap (8) extends inward of said 
conversion elements, said adhesive (16. 26. 36) tem.mabng such ttet saa g p w 
Scrum toward said base ends of said piezoelectric ^'"-^^"".^trteS e^^^^ of a rl^ion of 

2. The ir* jet print head of claim 1. where.n said d.stenceW J^^J^^J'S^^^nfe {15.^25. 35) from said 

4. TK, ink i« prtnt h.ad ooconjing » one of the P^TO S^iTi'^j Jiaance (d) backward of said 

:lndi;g preferably parallel said edge C^Jj;^ ^^^^^^^^^^^ a thin metal plate 

5. The ink jet print head according to one of the Pfec^mg c, . ^ ^ 

said insulating layer (22a). r,«rpdina claims further comprising a layw of adhesive 

7. The ink jet print head according to one of Pr^^.^'"?,." !" 3^;^ ^^^^^ body (13.23), the thickness 
« (14. 24) fixing said piezoelectric ^ J^'^^^^^^^ adhiive (14. 24) 

of said supporting body (13. 23) being Skater than tt»*.ckn js ^ ^ 

8. The ink jet print head according ^ ^^PJ^^^^^^^ (35) at said distance 
end edge of said adhesive (36) is formed '^f * P'^.^'^gg^'^^^^ conversion elements (35). 



BNSDOCID: <EP_0427291A1 J_> 



EP 0 427 291 Al 





BNSDOCID: <EP_^0427291A1 J_> 



7 



EP 0 427 291 A1 




FIG. U 




2 - 



I I — J — I 1 — 

-0.1 0 0.1 0.2 0.3 0.4 0.5 
DISTANCE d BETWEEN FaCRUM 
AND FIXING POINT (mm) 



8 



EP 0 427 291 A1 



FIO. 5 



w 

i 



i^^^;aUJ- lnl|||^m| 



0.1mm 



iTTiii irrTn T 



1 



FIG. 6(a) 




:-d:tt=tl3: 
I I 11 II 

-JJJJJ oj 

xn 



23 



27a 



25 



FIO. 6(b) 




FIG. 7 



36 



37 

>38 y 



-33a 




33 



3Sa N 
35 



BNSDOCID: <EP fMOTgaiAi I > 



9 



s> 



European Patent 
Ofllce 



EUROPEAN SEARCH REPORT 



EP 90 12 1506 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



I 
1 



S 



ChatSon document Mth faidfcation, where appropriate. 

cfTdcvant passages 



EP-/n337429 (SEIKO EPSOM CORPORATION,) 

* abstract; figures 4, 10. • 

PATENT ABSTRACTS OF vJAPAW 

vol. 14. no. 10 (M-917)(3953) 10 January 90. 

& JP-A-1 Z57057 CH. KOTO) 13 October 1989. 

* the Whole document * 

OE-A-3028404 (NCR CORP. ) 

* the whole document * 



1-8, 



1-8. 



Relevant 
to ctaSm 



CLASSmCATlON OF VtlE 
APFUCATION flat. OS ) 



B41J2/14 



TTie present search report has been d rawn qp for all claims 

; 1 Drte ef uii> l tll w «>» 



TECHNICAL FKLDS 
SEARCHED flsL a.5 ) 



B41J 



VAN DEN MEERSCHAUr Q 



CATEGORY OF CITED DOOJMENTS 



X : particatoiy rdevant If takM alone 
Y • narticalarty relevant If ccmWaed irttb iimiftet 
« 1 ' docmnent of the same caiegoiy 
a A. : teehnologlca! bad^muad 
^1 O : non-wtitteo todofura 
PMaterwedlated— — • 



E : evUer patent docament. but paUlshel no, or 

after the fUlng dale 
D : docanicot died In the appllcatioa 
L X docwntnt cited for olbet leasons 



XTmOTber oTthe^amelfiWiiiBHy. con«poadlng 
docancnt 



0427291A1J_> 



EP 0 427 2d1 A1 



FIG. 1 





BNSCWCta <EP_0427!91A1TI^ 



7 



gp 0 4Sf? 291 A1 



FIG. 3(3)— 



FrmiiuL 


i 


I — J — 





yum 



1 




m 3(b) 



j Kina> 




12 
10 



6 

2 I- 
0 



flPTIMAL SAP le^L,^ 




■ --■ I 



-01 0 0.1 0.2 03 tyb^ 0-5 
DISTANCE d BETWEEN FIXCRUW 
AND mm POINT (tnml 



BNSDOOIO: <EP 0427a91A1TI_> 



6 



EP 0 4Z7 291 Af 



FiG. 5 



i i iiii i i n iii i i i i i i ii i i iiM 



m 6 /'a; 



FIG. 6(b} 24 

22a 




f/G 7 



36 



37 




BNSCXX3ID: <EP_<Ma7291AlTL> 



THIS PAGE BLANK (usfto) 



